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In this work the roles of the nucleon resonances in the Λ(1520) photoproduction off proton target are inves-
tigated within the effective Lagrangian method. Besides the Born terms, including contact term, s-, u- and K
exchanged t-channels, vector meson K∗ exchanged t−channel is considered in our investigation, which is negli-
gible at low energy and important at high energy. The important nucleon resonances predicted by the constituent
quark model (CQM) are considered and the results are found well comparable with the experimental data. Be-
sides the dominant D13(2080), the resonance [ 52
−]2(2080) predicted by the CQM is found important to reproduce
the experimental data. Other nucleon resonances are found to give small contributions in the channel considered
in this work. With all important nucleon resonances predicted by CQM, the prediction of the differential cross
section at the energy up to 5.5GeV are presented also, which can be checked by the future CLAS experimental
data.
PACS numbers: 14.20.GK, 13.75.Cs, 13.60.Rj
I. INTRODUCTION
The study of nucleon resonance is an interesting area in
hadron physics. As of now, the nucleon resonances around
2.1 GeV are still in confusion. The CQM predicted about two
dozens of the nucleon resonances in this region, most of which
are in n = 3 shell. Only a few of them have been observed as
shown in PDG with large uncertainties [1]. Among these nu-
cleon resonances, D13(2080) attracts much attentions due to
its importance found in many channels, such as γp → K∗Λ [2]
and φ potoproduction [3]. In the analyses of the data for
γp → η′p by Zhang et al. and Nakayama et al. the contribu-
tion of D13(2080) is also found important to reproduce the ex-
perimental data [4, 5]. However, in the recent work by Zhong
et al. [6], the bump-like structure around W = 2.1 GeV is from
the contribution of a n = 3 shell resonance D15(2080) instead
of D13(2080). In Ref. [7], the η photoproduction off the pro-
ton is studied in a chiral quark model, a D15 resonance instead
of D13 state with mass about 2090 MeV is also suggested to
reproduce the experimental data. Hence, more efforts should
be paid to figure out the nucleon resonances around 2.1 GeV.
After many years of efforts, a mount of experimental data
for the nucleon resonances below 2 GeV have been accumu-
lated while these above 2 GeV are still scarce. Due to the high
threshold of Λ(1520) production, about 2 GeV, it is appro-
priate to enrich the acknowledge of the nucleon resonances
especially the ones with the mass larger than 2 GeV. There
exist some old experiments for kaon photoproduciton off the
nucleon with Λ(1520). In the last seventies, SLAC [8] used a
11 GeV photon beam on hydrogen to study the inclusive re-
action γp → K+Y, where Y represents a produced hyperon.
The LAMP2 collaboration at Daresbury [9] studied the exclu-
sive reaction γp → K+Λ∗ with Λ∗ → pK− at photon energies
ranging from 2.8 GeV to 4.8 GeV. In the recent years, ex-
cited by the claimed finding of pentaquark Θ with mass about
∗Electronic address: junhe@impcas.ac.cn
1.540 GeV reported by LEPS collaboration in 2003 [10],
many experiments are performed in the Λ(1520) energy re-
gion due to the close mass of Λ(1520) and Θ. Though the
pentaquark is doubtable based on the later more precise ex-
periments, many experimental data about Λ(1520) photopro-
duction are accumulated, which provides opportunity to un-
derstand the reaction mechanism of Λ(1520) photoproduction
off nucleon and the possible nucleon resonances in this reac-
tion.
The LEPS experiment (labeled as LEPS09 in this work) in
the Spring-8 measured the Λ(1520) photoproduction with liq-
uid hydrogen and deuterium targets at photon energies be-
low 2.4 GeV [11]. A large asymmetry of the production
cross sections in the proton and neutron channels was ob-
served at backward K+/0 angles. It supports the conclusion
by Nam et al. [12] that the contact term, with t−channel
K exchange under gauge invariance, plays the most impor-
tant role in the Λ(1520) photoproduciton and the contribution
from resonances D13(2080) is small and negligible. Differ-
ential cross sections and photon-beam asymmetries for the
γp → K+Λ(1520) reaction have been measured by LEPS
Collaboration (labeled as LEPS10) with linearly polarized
photon beams at energies from the threshold to 2.4 GeV at
0.6< cos θKCM <1 [13]. A new bump structure was found at
W ≃ 2.1 GeV in the cross sections. Xie et al. suggested the
bump structure could be reproduced by including the reso-
nance D13(2080) [14]. For the polarized symmetry, the theo-
retical result by Xie et al. seems to have an inverse sign com-
pared with the LEPS10 data. The model by Nam et al. also
give near zero polarized asymmetry [13].
In Refs. [15, 16], the electromagnetic and strong decays
were studied in the CQM, with which the contributions of the
nucleon resonances in the phtoproductions can be calculated
in Ref. [17]. In this work we will investigate the Λ(1520) pho-
toproduction within the effective Lagrangian method, with the
nucleon resonances included according to the CQM predic-
tion, to find the roles of nucleon resonances, especially the
D13 and D15 states around 2.1 GeV, played in the reaction
mechanism.
2This paper is organized as follows. After introduction, we
will present the effective Lagrangian used in this work and the
amplitudes based on the effective Lagrangian. The differen-
tial cross section at the low energy and the prediction at high
energy will be given in section III. Finally the paper ends with
a brief summery.
II. FORMALISM
The mechanism for the Λ(1520) photoproduction off nu-
cleon with K is figured as the following diagrams in Fig. 1.
In this work, due to the small contribution from the u-channel
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FIG. 1: (Color online) The diagrams for the s-, u-, t- channel and
contact term.
as shown in the literatures [12, 14, 18] it is not considered in
this work. Besides the Born terms, including s-, K exchanged
t-channels and contact term, the contributions from the K∗ ex-
changed t- and resonance (R) intermediate s-channels are con-
sidered in the current work.
A. Born terms
The Lagrangians used in the Born terms are given be-
low [12, 14],
LγKK = ieQK
[
(∂µK†)K − (∂µK)K†
]
Aµ,
LγNN = −e ¯N
[
QN /A − κN4MN σ
µνFµν
]
N,
LKNΛ∗ = gKNΛ
∗
MΛ∗
¯Λ∗µ∂µKγ5N + h.c.,
LγKNΛ∗ = − ieQNgKNΛ
∗
MΛ∗
¯Λ∗µAµKγ5N + h.c., (1)
where Fµν = ∂µAν − ∂νAµ with Aµ, N, K, Λ∗ are the photon,
nucleon, kaon and Λ∗(1520) fields. Here Qh is the charge in
the unit of e =
√
4πα. The anomalous magnetic momentum
κ = 1.79 for proton. The coupling constant gKNΛ∗ = 10.5
obtained form the decay width of Λ∗ → NK in Particle Data
Group (PDG) [1].
For K∗ exchange t-channel, we need the following La-
grangians,
LγKK∗ = gγKK∗ǫµνσρ(∂µAν)(∂σK∗ρ)K + h.c., (2)
LK∗NΛ∗ = − igK
∗NΛ∗
mV
¯Λ∗µγνFµνN + h.c., (3)
with the coupling constant gγK±K∗∓ = 0.254 GeV−1 extracted
from decay width in PDG [1]. A Reggeized treatment will be
applied to t-channel. As discussion in Ref [19], the coupling
constant for the Reggeized treatment can be different from the
one in the effective Lagrangian approach. Here we do not
adopt the value about 1 determined by S U(6) model [20], but
the larger one, about 10, by quark model [20] and phenomeno-
logical fitting of Nam et al. [18] and Totiv et al. [21].
The scattering amplitude for the photoproduction can be
written as follow:
− iTλΛ∗ ,λγλN = u¯µ(p2, λΛ∗ )Aµνu(p1, λN)ǫν(k1, λγ) (4)
where ǫ, u1, and uµ2 denote the photon polarization vector, nu-
cleon spinor, and RS vector-spinor, respectively. λΛ∗ , λγ and
λN are the helicities for Λ(1520), photon and nucleon.
The amplitudes for Born s-, t-channels and contact term are
Aµνs = −
egKNΛ∗
mK
1
s − M2N
kµ2γ5[
QN((/p1 + MN)Fc + /k1Fs)γν
+
κN
2MN
(/k1 + /p1 + MN )γν/k1Fs
]
, (5)
Aµνt =
eQKgKNΛ∗Fc
mK
1
t − m2K
qµkν2γ5, (6)
Aµνcont. =
eQNgKNΛ∗Fc
mK
gµνγ5, (7)
where s, t, and u indicate the Mandelstam variables.
The amplitude for K∗ exchange is
AK∗t =
igγKK∗gK∗NBFV
mK∗
1
t − m2K∗
(ǫσρξνkρ1kξ2)
γν
[
(kµ1 − kµ2)gνσ + (kν1 − kν2)gµσ
]
. (8)
The form factors are introduced in the same form,
Fi =
 nΛ4i
nΛ4i + (q2i − M2i )2
n , (9)
Fc = Fs + Ft − FsFt (10)
where i means s, t, V and R corresponding to s-, t-channel,
vector exchange t-channel and resonance intermediate s-
channel.
To describe the behaviour at the high photon energy, we
introduce the pseudoscalar and vector strange-meson Regge
trajectories following [21–23]:
1
t − m2K
→ DK =
(
s
s0
)αK πα′K
Γ(1 + αK) sin(παK) ,
1
t − m2K∗
→ DK∗ =
(
s
s0
)αK∗−1 πα′K∗
Γ(αK∗ ) sin(παK∗) , (11)
3where α′K,K∗ indicates the slope of the trajectory. αK,K∗ is the
linear trajectory of the meson for even or odd spin, which is a
function of t assigned as follows,
αK = 0.70 GeV−2(t − m2K), (12)
αK∗ = 1 + 0.85 GeV−2(t − m2K∗ ). (13)
To restore the gauge invariance, we redefine the relevant
amplitudes as follow [12],
iMK + iMEs + iMc
→ iMReggeK + (iMEs + iMc)(t − M2K)DK (14)
The Reggeized treatment should work completely at high
photon energies and interpolate smoothly to low photon en-
ergy. It have been considered by Toki et al. [19] and Nam
et al. [12] by introducing a weighting function. Here we adopt
the treatment by Nam et al.,
Fc,v → ¯Fc,v ≡
[
(t − m2K,K∗ )DK,K∗
]
R + Fc,v(1 − R), (15)
where R = RsRt with
Rs = 12
[
1 + tanh
(
s − sRegge
s0
)]
,
Rt = 1 − 12
[
1 + tanh
( |t| − tRegge
t0
)]
. (16)
In this work the values of the four parameters for the
reggeized treatment are chosen as Nam. et al. as presented
in Table I.
TABLE I: parameters for the reggiezed treatment with unit GeV2.
sReg = 3 tReg = 0.1 s0 = 1 t0 = 0.08
B. Nucleon resonances
In Ref. [14], the D13(2080) is considered to reproduce the
bump structure near 2.1 GeV. In this work all resonances pre-
dicted by CQM will be considered. The Lagrangians for the
resonances with arbitrary half-integer spin are [24–26]
L
γNR( 12
±) =
e f2
2MN
¯NΓ(∓)σµνFµνR + h.c., (17)
LγNR(J±) = −i
n f1
(2mN)n
¯B∗ γν∂µ2 ...∂µn Fµ1νΓ
±(−1)n+1 Rµ1µ2...µn
+
in+1 f2
(2mN)n+1 ∂ν
¯B∗ ∂µ2 ...∂µn Fµ1νΓ
±(−1)n+1 Rµ1µ2...µn
+ h.c., (18)
where Rµ1...µn is the field for the resonance with spin J = n +
1/2, and
Γ(±) = (iγ5, 1) (19)
for the different parity of resonance. The Lagrangians are also
adopted by the previous works on the nucleon resonances with
spins 3/2 or 5/2 [12, 14, 17, 27].
The Lagrangian for the strong decay can be written as
LRKΛ∗ = ig22mK ∂µK
¯Λ∗µΓ
(±)R,+h.c., (20)
LRKΛ∗ = i
2−ng1
mnP
¯B∗µ1 γν∂ν∂µ2 ...∂µn PΓ
±(−1)n Rµ1µ2...µn
+
i1−ng2
mn+1P
¯B∗α ∂α∂µ1∂µ2 ...∂µn PΓ
±(−1)n Rβµ1µ2...µn
+ h.c.. (21)
The corresponding propagator for the arbitrary half-inter spin
can be found in Appendix A.
In this work the coupling constants f1, f2, g1 and g2 will
be determined by the radiative and strong decays of the nu-
cleon resonances. For a j = 12 resonance, the magnitudes
of the coupling constants f1 and h1 can be determined by the
radiative and strong decay widths. However, for nucleon reso-
nances with high spin j ≥ 32 , the decay widths are not enough
to determine coupling constants, f1 and f2 for radiative de-
cay or h1 and h2 for strong decay [17]. Therefore, we need
to know the decay amplitudes to determine the coupling con-
stants uniquely.
For the radiative decay, the helicity amplitudes are impor-
tant physical quantities and can be extracted from the exper-
iment data of photoproduction. The definition of the helicity
amplitude is as below,
Aλ =
1√
2|k| 〈γ(k, 1) N(−k, λ − 1)| − iHγ|R(0, λ)〉 (22)
where |k| = (M2R −M2N)/(2MR), k is the momentum of photon
in the center of mass system of the decaying nucleon reso-
nance R, the λ = 1/2 or 3/2 is the helicity. Since there are two
amplitudes A1/2 and A3/2 for the resonances with J > 1/2, the
coupling constants f1 and f2 in LRNγ can be extracted from
the helicity amplitudes of the resonance R.
The coupling constants g1 and g2 can be calculated analo-
gously by the following relation about the decay amplitude,
〈K(q)Λ∗(−q,m f )| − iHint|R(0,mJ)〉
= 4πMR
√
2
q
∑
ℓ,m
ℓ
〈ℓmℓ 32 m f |J mJ〉 Yℓmℓ (qˆ)G(ℓ), (23)
where 〈ℓ m
ℓ
3
2 m f |J mJ〉 , Yℓmℓ (qˆ) and G(ℓ)are Clebsch-Gordan
coefficient, the spherical harmonics function and the partial
wave decay amplitude, respectively. The explicit is presented
in Appendix B.
III. RESULTS
With the Lagrangians presented in the previous section, the
Λ(1520) photoproduction can be studied. With the contribu-
tions from nucleon resonances determined by the decay am-
plitudes, we will determine the parameters used in our model
4first. Then the observables, such as differential cross section,
will be calculated and compared with experiment.
A. Contributions from nucleon resonances
The different cross section have been measured by LEPS09
and LEPS10 experiments. As found by Nam et al. and Xie
et al. [12, 14], the most important contribution at the low
energy for the differential cross section is from the contact
term. The bump structure are from D13(2080) suggested by
Xie et al. by fitting the LEPS10 data. In this work we will use
the helicity amplitudes Aλ and the partial wave decay ampli-
tudes G(ℓ) to describe the decays of the resonances. In experi-
ment, the helicity amplitudes for the nucleon resonances with
smaller mass are determined well while the ones for the res-
onances with larger mass especially the resonances with the
mass larger than 2 GeV, which are considered in this work,
are still not well determined and can not be compared well
with the theoretical predictions.
In this work we will adopt the values obtained in the typ-
ical CQM by Capstcik and Reborts [15, 16] as input. In
their works the partial wave decay amplitudes are also pro-
vided. The nucleon resonances considered in the calcula-
tion are listed in Table II. The threshold of γp → KΛ(1520)
is about 2.01 GeV, so only the nucleon resonances above
2.01 GeV are included in the calculation. In the works by Cap-
stcik [15, 16], about two dozens of nucleon resonances with
spins up to 15/2 are calculated. In the current work, to sim-
plify the claculation only the nucleon resonances with large
radiative decay and strong decay to Λ(1520)K are used in the
calculation of Λ(1520) photoproduction, which is reasonable
in physics also.
For the masses of the nucleon resonances, the suggested
values provided by PDG [1] are preferred and for the res-
onances not listed in PDG, the prediction by CQM will be
adopted. Due to the dominance of D13(2080) in the current
channel, we adopt the mass suggested by Xie et al. [14],
2150 MeV, which is a little larger than the suggested value by
PDG, 2080 MeV. In order to prevent the proliferation of the
free parameters, the decay widths for all nucleon resonances
are set to 200 MeV. Regarding the cut-offs for the nucleon
resonances, the typical value ΛR = 1 GeV with n = 1 is used.
Therefore, the contributions from the nucleon resonances are
fixed because the helicity amplitudes and partial wave decay
amplitudes predicted by the CQM are adopted in the calcula-
tion to determine the coupling constants.
B. Determination of model parameters
The contributions from the Born terms are very important
as shown in the previous works. The magnitudes of contri-
butions from contact term, u−, s− and K exchanges t− chan-
nels are only depended on the coupling constant gKNΛ∗ , which
is determined by experimental decay width of Λ∗ → NK,
and the cut off Λ. To reproduce the LEPS10 data, a cut-off
Λ = 0.6 GeV and n = 1 should be used. With this setting, the
s− channel contribution can be found very small.
Now we turn to the contribution of vector meson K∗-
exchange. We consider the differential cross section at
11 GeV by SLAC at 11 GeV, where the contributions from
contact term and t− channel should be dominant, which is
confirmed by the results shown in Fig. 2.
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FIG. 2: (Color online) The differential cross section dσ/dt at 11 GeV
and compared with the data by SLAC [8]. The thick full line is for
the result in full model. The full, Dash-dotted and Dash-dot-dotted
lines are for the contact term, K-exchange channel and K∗-exchange
channel.
One can find at 11 GeV, the contribution from contact
terms is still most important while the contribution from the
K-exchanged t− channel becomes more important compared
with that at the low energy. However, it is still not enough to
reproduce the experimental data by including only the contri-
butions from contact term and K-exchanged t− channel. In
the work by Nam et al. [12] the differential cross section can
be reproduced due to a larger cut-off Λ = 0.675 GeV adopted.
However, with such value of Λ, the differential cross section
at low energy can not be well reproduced. The parameters for
the Reggeized treatment, s0,Reg, t0,Reg in Table I, are varied and
it is found impossible to compensate the deficiency. Here we
include the contribution of vector meson K∗ exchange. With
cutoff ΛV = 0.8 GeV and n = 2, the differential cross sec-
tion by the SLAC experiment is well reproduced as shown in
Fig. 2. In the figure one can find the contribution from vector
meson K∗− exchange is comparable with the one from pseu-
doscalar meson K− exchange.
The determined cutoffs and the coupling constants for Born
terms and the K∗-exchange are collected in Table III.
C. Differential cross section
With the parameters determined and the amplitudes pre-
sented in Table II, the theoretical results of differential cross
section at the low energy are presented in Fig. 3 and com-
pared with the LEPS10 experiment. As shown in the figure,
5TABLE II: The nucleon resonances considered. The mass mR, helicity amplitudes Aλ and partial wave decay amplitudes G(ℓ) are in the unit of
MeV, 10−3/
√
GeV and
√
MeV, respectively. The last column is for χ2 after turning off the corresponding nucleon resonance with χ2 = 1.38 in
full model.
State PDG MR Ap1/2 A
p
3/2 G(ℓ1) G(ℓ2)
√
ΓΛ(1520)K χ2
[N 12
−]3(1945) N(2090)S 11* 2090 12 6.4 +5.7−6.4 6.4 +5.7−6.4 1.89
[N 32
−]3(1960) N(2080)D13** 2150 36 -43 −2.6+2.6−2.8 −0.2+0.2−1.3 2.6 +2.9−2.6 12.42
[N 52
−]2(2080) 2080 -3 -14 −4.7+4.7−1.2 −0.3+0.3−0.8 4.7 +1.3−4.7 4.01
[N 52
−]3(2095) N(2200)D15** 2200 -2 -6 −2.4+2.4−2.0 −0.1+0.1−0.3 2.4 +2.0−2.4 1.59
[N 72
−]1(2090) N(2190)G17**** 2190 -34 28 −0.5+0.4−0.6 0.0 +0.0−0.0 0.5 +0.6−0.4 1.48
[N 72
+]2(2390) 2390 -14 -11 3.1 +0.8−1.2 0.3 +0.3−0.2 3.1 +0.8−1.2 1.79
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FIG. 3: (Color online) The differential cross section dσ/d cos θ at low photon energy and compared with the data by LEPS10. The thick full
line is for the results in full model.The full, Dash-dotted and Dash-dot-dotted lines are for contact term, K-exchange channel and K∗-exchange
channel. The dashed (dotted) line is for nucleon resonance D13(2080) (D15).
TABLE III: The coupling constants for the K and K∗ exchanged
channel and cut-offs in the unit of GeV.
gγK±K∗∓ 0.254 gKNΛ∗ 10.5 g¯K∗NΛ∗ 10
Λ 0.6 ΛV 0.8 ΛR 1
the experimental data are well reproduced in our model. The
dominant contributions are from Born terms where the con-
tact term play most important role. At the low energy the K
exchange contribution is smaller but visible while the vector
meson K∗ exchanged contribution is negligible.
To find the importance of each nucleon resonance, the χ2
for the differential cross section from threshold to 2.5 GeV
by LEPS10 experiment and these at 11 GeV by SLAC is cal-
culated. χ2 obtained in the current work is 1.38, which is a
little larger than the 1.2 obtained by Xie et al. but close to 1.4
in their fitting with strong coupling constant as free parame-
ters [14]. We would like to remind that in the current work
both electromagnetic and strong coupling constants are deter-
mined from CQM predictions with the physics choice of the
6mass and cut-off for the nucleon resonance.
To check the role of nucleon resonance played in Λ(1520)
photoproduction, we list the χ2 after truing off the correspond-
ing nucleon resonance in Table II. Compared with the value
χ2 = 1.38 in the full model, χ2 after turning off the D13(2080)
increases significantly to 12.42, which confirms the dominant
role played by this resonance as suggested by Xie et al. [14].
Besides the dominant D13(2080), the contribution from a D15
resonances is also important. After turning off [ 52
−]2(2080),
the χ2 will increase to 4.01 due to the interference effect
mainly. Simultaneously the [ 52
−]3(2095) is found not impor-
tant with χ2 = 1.59 after being turned off. In PDG [1] a D15
state N(2200) is listed , which is assigned to the [ 52
−]3(2095)
in the CQM usually [15]. The predicted decay amplitudes in
Nπ and ΛK channels for [ 52
−]3(2095) are close to those for
[ 52
−]2(2080) [15]. To check whether the D15 state [ 52
−]2(2080)
instead of [ 52
−]3(2095) is the observed resonance N(2200)
listed in PDG, we vary the mass of [ 52
−]2(2080) to 2.2 GeV
and a χ2 about 4 is found. It indict that the experimental data
require the mass of [ 52
−]2(2080) should be about 2.08 GeV.
Hence [ 52
−]2(2080) should not be assigned to N(2200) due to
the large mass discrepancy about 100 MeV.
To give a picture around the resonance poles, we calcu-
late the dσ/d cos θ aginst θ at 2.2 GeV and compared with
LEPS09 data as shown in Fig. 4.
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FIG. 4: (Color online) (a) The differential cross section dσ/d cos θ
with the variation of θ at photon energy 2.2 GeV compared with the
data by LEPS09 at photon energy 1.9-2.4Ge. (b1-b3) The differential
cross section dσ/d cos θ with the variation of photon energy Eγ .
Notation as in Fig. 3.
The experimental data are reproduced generally in our
model. One can find the general shape for the differential
cross section against θ is mainly formed by the contact term
contribution. The slow increase in the backward is from the
resonances contributions. For differential cross section with
the variation of Eγ, the nucleon resonances give contributions
larger than the contact term and are responsible to the bump
at the backward angles.
D. Polarized asymmetry
The polarized asymmetry was measured in the LEPS10 ex-
periment. Nearly zero polarized asymmetry was obtained in
the model by Nam et al. [13] . In Ref. [14] the result suggested
the sign should be reversed compared with the experiment. In
this work, the similar result as Ref [14] is obtained as shown
in Fig. 5. It suggests that further improvement may be needed
based on the effective Lagrangian method, such as the lack of
unitary, coupled-channel effects.
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FIG. 5: (Color online) Polarization asymmetry and compared with
LEPS10. Notation as in Fig. 3
E. Prediction of differential cross section at high energy
In the above sections, all parameters, such as cut-offs, are
determined and the contributions from nucleon resonances are
introduced by the CQM predictions. With these parameters
the differential cross sections at energy below 2.5GeV and
at the energy 11 GeV have been reproduced well. Hence
it is possible to give the prediction in the higher energy
than 2.5 GeV. Recently CLAS collaboration reported that the
Λ(1520) photoproduction was measured at the photon energy
from 1.87 to 5.5 GeV and some preliminary results have been
obtained in the eg3 run [28]. The g11 experiment also run in
this energy region. Therefore, it is meaningful to make pre-
dictions. The differential cross section dσ/dθ predicted by the
model obtained in this work are presented in Fig. 6.
The contributions from D13(2080) and D15(2080) are still
most important as well as at the low energy. The [ 72
−]2(2390)
is small at high energy though it has higher mass. The contri-
bution from the contact term plays most important role at the
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FIG. 6: (Color online) The differential cross section dσ/dθ with the
variation of photon energy Eγ predicted in this work. Notation as in
Fig. 3
energy up to 5.5 GeV especially at the forward angles while
the contributions from two resonances will decrease rapidly at
the photon energy large than the energy point corresponding
to the Breit-Wigner mass.
The dominance of contact contribution at the higher pho-
ton energy can be observed more obviously in the differential
cross section dσ/dt as shown in Fig. 7.
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FIG. 7: (Color online) The differential cross section dσ/dt with vari-
ation of −t predicted in this work. Notation as in Fig. 3
One can find at high photon energy, the contact contribution
is several times larger than the vector meson K∗ exchange and
the contributions from the resonances are negligible. The con-
tributions from the nucleon resonances D13(2080) and D15 are
important at low energy , and give a slow increase in the large
|t| region.
F. Total cross section
As of now, there only exist a few experimental data about
the total cross section. The data by SAPHIR experiment are
only at the low energy [29] while LAMP2 experiment gives
some data at high energy [9]. In Fig. 8, we show the theoret-
ical results in our model and compared with the experimental
data.
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FIG. 8: (Color online) Total cross section σ with the variation of the
energy of photon Eγ . Notations for the theoretical results as in Fig. 3.
The data are from Refs. [9, 29].
As shown in the Fig. 8, though two sets of data do not have
overlap in energy, it can be easily found that they are not
consistent with each other. The old LAMP2 data are higher
than the SAPHIR data systemically. Our result is just in the
middest of two sets of data. As inidcted in the differential
cross section, the nucleon resonances D13(2080) and D15 are
responsible to the peak around 2.1 GeV.
IV. SUMMERY
In this work we investigate the Λ(1520) photoproduction in
the γN → KΛ(1520) reaction within the effective Lagrangian
method. The contact term is dominant in the interaction mech-
anism and K exchanged t−channel are important except at the
energy near the threshold. The K∗-exchange t-channel plays
important role in the high energy at 11 GeV but is negligible
at low energy.
The contributions of nucleon resonances are determined by
the radiative and strong decay amplitudes predicted by the
constituent quark model. The results shows that D13(2080) is
the most important nucleon resonance in Λ(1520) photopro-
duction and responsible to the bump structure in the LEPS10
experiment. A nucleon resonance [ 52
−]2(2080) predicted by
8CQM with mass about 2100 MeV, which can not befassigned
as N(2200), is also essential to reproduce the experimental
data around 2.1 GeV. The contributions from other nucleon
resonances are small even negligible.
With the contributions from Born terms and nucleon res-
onances, the experimental data about differential cross sec-
tions can be reproduced while there exists large discrep-
ancy between experimental and theoretical results in polar-
ized asymmetry, which suggests further improvement, such
as including the coupled-channel effect,is required. The
predictions about the differential cross section at energy
1.75 GeV<Eγ<5.50 GeV are presented, which can be checked
by the future experimental data in the CLAS eg3 and g11 runs.
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Appendix A: propagator
In this appendix, we will present the propagator of half-
integral spin particle used in the current work, which is in the
same theoretical frame of the Lagrangians in Eqs. (18,21) [24–
26]. The explicit form of the propagator is
Gn+
1
2
R =
Pn+
1
2
µ1µ2...µnν1ν2...νn
p2 − m2R + imRΓR
, (A1)
Pn+
1
2
µ1µ2...µnν1ν2...νn =
n + 1
2n + 3 ( 6 p + m)γ
αγβPn+1αµ1µ2...µnβν1ν2...νn , (A2)
where
Pnµ1µ2...µnν1ν2...νn
=
(
1
n!
)2 ∑
P[µ]P[ν]
[ n∏
i=1
g˜µiνi + a1g˜µ1µ2 g˜ν1ν2
n∏
i=3
g˜µiνi
+...
+arg˜µ1µ2 g˜ν1ν2 g˜µ3µ4 g˜ν3ν4 ...g˜µ2r−1µ2r g˜ν2r−1ν2r
n∏
i=2r+1
g˜µiνi
+...
+{an/2g˜µ1µ2 g˜ν1ν2 ...g˜µn−1µn g˜νn−1νn ( f or even n)
a(n−1)/2g˜µ1µ2 g˜ν1ν2 ...g˜µn−2µn−1 g˜νn−2νn−1 g˜µnνn ( f or odd n)
]
, (A3)
=
(
1
n!
)2 ∑
P[µ]P[ν]
[n/2]∑
r=0
ar
r∏
i=1
g˜µ2i−1µ2i g˜ν2i−1ν2i
n∏
j=2r+1
g˜µ jν j , (A4)
with
ar(n) =
(
− 12
)r
n!
r!(n − 2r)!(2n − 1)(2n − 3)...(2n − 2r + 1) . (A5)
where g˜µν = gµν− qµqνq2 , P[µ] or P[ν] means the permutations for
µ or ν, and [n] means integer round of n.
Some examples are presented in the followings:
G
1
2
R =
( 6 p + m)
p2 − m2R + imRΓR
, (A6)
G
3
2
R = G
1
2
R
(
−g˜µν + 13 γ˜µγ˜ν
)
, (A7)
G
5
2
R = G
1
2
R
2∑
P[µ],P[ν]
[1
4
g˜µνg˜µν − 120 g˜µµg˜νν −
1
10 γ˜µγ˜νg˜µν
]
, (A8)
where γ˜ν = γν − pν 6pp2 .
Appendix B: Extracting the coupling constants
As mentioned in section II B, the Lagrangians in
Eqs. (18,21) show both radiative and strong decay of the nu-
cleon resonance with J > 1/2 are described by two coupling
constants. In this appendix we will show how to extract cou-
pling constants from the helicity amplitudes and partial decay
amplitudes.
The helicity amplitudes for the resonances with spin-parity
JP can be calculated from the definition in Eq. (22) easily in
the c.m. frame as
A 1
2
( 12
P) = P e f1
2MN
√
kγMR
MN
, (B1)
A 3
2
(JP) = PF 3
2
kn−1γ
e√
2(2MN)n
√
kγMR
MN
·
[
f1 +
( P
MR
) f2
4MN
MR(MR + PMN)
]
, (B2)
A 1
2
(JP) = PF 1
2
kn−1γ
e√
6(2MN)n
√
kγMN
MR
·
 f1 + f24M2N MR(MR + PMN)
 (B3)
where Fr =
∏n
i=2〈10, i − 12 r|i + 12 r〉 and P = P(−1)n with
n = J− 12 . Here MN and MR are the masses of nucleon and the
nucleon resonance, and kγ are the energy of the photon. The
helicity amplitudes Aλ can be obtained by CQM or extracted
from the experiment. Now the coupling constants for the res-
onances with J = 12 can be obtained from A1/2 directly and the
ones with J > 12 can be solved from the two equations about
A1/2 and A3/2.
For the nucleon resonaces decay to K and Λ∗(1520), we
have
A(JP, r, θ) = 〈K(q)Λ∗(−q, r)| − iHint|R(0, r)〉
= 4πMR
√
2
q
∑
ℓ
〈ℓ 0 32 r|J r〉 Yℓ0G(ℓ), (B4)
if we choose mℓ = 0. Here θ is the angle of the final K. The
relative orbital angular momentum ℓ of the final state is con-
strained by the spin-parity of the resonance. For the nucleon
9resonances with J > 1/2, there are two ℓ which is marked as
ℓ1 and ℓ2 thereafter.
Since partial wave decay amplitudes G(ℓ) is independent on
the θ, we choose θ = 0 and reach
A(JP, θ = 0, r) =
√
2ℓ1 + 1
4π
〈ℓ1 0 32 r|J r〉G(ℓ1)
+
√
2ℓ2 + 1
4π
〈ℓ2 0 32 r|J r〉G(ℓ2) (B5)
The G(ℓ) can be obtained from the CQM and is independent
on r, so the difference of the amplitudes with different r is
from the Clebsch-Gordan coefficient.
With certain J > 12 and r, the decay amplitudes can be cal-
culated and has the form
A(JP, r, θ = 0)
= −
√
8πMR
MΛ∗
qn−1
mnK
·
h1P[cl0Pp0 + (c1P − cl0P)MΛ∗ ]√p0 + PMΛ∗ (MR − PMΛ∗ )
+
h2
mK
MRq2 cl0P
√
p0 + PMΛ∗ ,
 (B6)
where c1±, l0± =
∏n
i=2〈10i − 12 r|i + 12 r〉[1, δl00](|〈1l0 12 12 | 32 r〉|2 ±
|〈1l0 12 − 12 | 32 r〉|2) and P = P(−1)n+1. Here MΛ∗ ans mK are
masses of λ(1520) and K meson, and p0 are the energy of
the final Λ(1520). Now the coupling constants h1 and h2 are
related to the partial wave decay amplitudes G(ℓ). The h1 and
h2 can be solved from above equations by choosing r = 1/2
and r = 3/2.
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